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(54) PRODUCTION DEVICE AND METHOD FOR OPTICAL FIBER 



(57) A drawing apparatus 1 has a drawing furnace 
11 , a heating furnace 21 , and a resin curing section 31 . 
The drawing furnace 11 has a muffle tube 13 to which 
an He gas supply passage 15 from an He gas supply 
section 14 is connected so as to supply He gas. The 
optical fiber 3 drawn upon heating by the drawing fur- 
nace 1 1 is fed to the heating furnace 21 , whereby a pre- 
determined part of the optical fiber 3 Is annealed at a 
predetermined cooling rale. The heating furnace 21 has 
a muffle tube 23 to which an N 2 gas supplypassage 25 
from an N 2 gas supply section 24 is connected so as to 
supply N 2 gas. Thereafter, the optical fiber 3 is coated 
with a UV resin 39 by a coating die 38 : and the UV resin 
39 is cured in the resin curing section 31, whereby a 
coated optical fiber 4 is formed. 
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Description 
Technical Field 

roO011 The present invention relates to a method and 
apparatus for making an optical fiber whose transmis- 
sion loss is lowered by reducing its Rayleigh scattenng 
intensity. 

Background Art 

[00021 As a method of making an optical fiber whose 
transmission loss is lowered by reducing its Rayleigh 
scattering loss, one disclosed in Japanese Patent Ap- 
plication Laid-Open No. HE1 10-25127 has been known 
for example. In this manufacturing method, an optical 
fiber preform is drawn upon heating so as to prepare an 
intermediate optical fiber, which is then reheated so as 
to be subjected to a heat treatment, whereby the reheat- 
ing lowers the virtual temperature (the temperature to 
which the randomness of the state of atomic arrange- 
ment within the glass corresponds) due to the structural 
relaxation (rearrangement of atoms) in the glass, thus 
reducing its Rayleigh scattering intensity. 

Disclosure of the Invention 



r0O03] However, the surface of the optical fiber imme- 
diately after drawing is coated with a UV resin or the like 
in order to protect the heated and drawn optical fiber. 
The above-mentioned method of making an optical fiber 
disclosed in Japanese Patent Application Laid-Open 
No HEI 10-25127 is not suitable for mass-producing 
coated optical fibers, since the resin coated on the op- 
tical fiber surface is burned by the heat at the time of 
reheating. Though the optical fiber may be reheated 
while in an uncoated state, it is not applicable as a mass- 
producing method due to damages at the time of han- 
dling the optical fiber and the like. 
[0004] In view of the points mentioned above, it is an 
object of the present invention to provide a method and 
apparatusfor making an optical fiber, which is applicable 
to the mass production of coated optical fibers whose 
surface is coated with a resin when making optical fibers 
whose transmission loss is lowered by reducing its 
Rayleigh scattering intensity. 

[0005] The inventors diligently studied apparatus and 
methods for making an optical fiber applicable to the 
mass production of coated optical fibers and, as a result, 
have newly found the following fact concerning the re- 
lationship between the Rayleigh scattering intensity and 
the cooling rate of optical fibers after drawing. 
[0006] Within the glass at a higher temperature, at- 
oms are vigorously vibrating due to thermal energy, 
whereby the atomic arrangement is in a state more ran- 
dom than that in the glass at a lowertemperature. When 
the glass at a highertemperature is cooled slowly, atoms 
are cooled while being arranged with a randomness cor- 



responding to each temperature within the temperature 
range in which the atoms are allowed to be rearranged, 
whereby the randomness of atoms within the glass at- 
tains a state corresponding to the lowest temperature 
5 (1200°C) at which the structural relaxation proceeds. 
When the glass at a higher temperature is drastically 
cooled, however, it is cooled and f ixed before the atomic 
arrangement reaches an equilibrium state correspond- 
ing to each temperature, whereby the atomic arrange- 
to ment attains a state more random than that in the case 
annealed. The Rayleigh scattering intensity becomes 
higher as the atomic arrangement is more random even 
in the same material. Optical fibers which are usually 
cooled at a cooling rate of 5000 to 30000°C/s atter the 
is drawing are presumed to have an atomic arrangement 
more random than that in bulk glass, thus yielding a 
state with a higher virtual temperature, thereby increas- 
ing the Rayleigh scattering intensity. 
[0007] Since the time required for structural relaxation 
20 becomes longer as the temperature is lower, on the oth- 
er hand, the structural relaxation does not occur until the 
temperature is maintained for several tens of hours at 
about 1200°C, for example: Since an optical fiber after 
drawing is usually cooled from about 2000°C to about 
25 400°C in a fraction of a second, it is necessary for the 
optical fiber to beannealed in a state having a temper- 
ature higher than 1200°C in order to lower the virtual 
temperature so as to make it approach 1 200°C in a short 
period of time during which the optical fiber in the draw- 
30 jng step is cooled. 

[0008] Therefore, taking account of the optical fiber 
temperature and cooling rate atter drawing, the inven- 
tors Investigated the relationship between the cooling 
rate and Rayleigh scattering coefficient in a part where 
35 the temperature ranged from 1 200 to 1 700°C, thus be- 
ing higher than the lowest temperature (about 1200-C) 
at which the above-mentioned structural relaxation pro- 
ceeded but lower than 1700-C at which the structural 
relaxation proceeded in a very short period of time. As 
40 a result, it has been verified that the relationship indicat- 
ed by Fig. 8 exists between the cooling rate and 
• Rayleigh scattering coefficient in the part where the tem- 
perature of the optical fiber ranges from 1200 to 1 700°C. 
As represented by the following expression (1). the 
45 Rayleigh scattering intensity (I) has such a property that 
it is inversely proportional to the fourth power of wave- 
length (?t) : 



50 



l=A/X 



0) 



where the coefficient A is defined as the Rayleigh scat- 
tering coefficient. 

[0009] These results have proved that, if the cooling 
« ra te of an optical fiber before being coated with a resin 
after being drawn upon heating is slowed down, then 
the Rayleigh scattering intensity of the optical fiber can 
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be reduced, so as to lower the transmission loss. 
[0010] In order to achieve the above-mentioned ob- 
ject in view of such results of studies, the present inven- 
tion provides an apparatus for making an optical fiber, • 
which draws an optical fiber preform upon heating and - s 
coats thus drawn optical fiber with a resin; the apparatus 
comprising a drawing furnace for drawing the optical fib- 
er preform upon heating in an atmosphere constituted 
by a first gas having a predetermined thermal conduc- 
tivity; a resin coating section for coating the drawn opti- m> 
cal fiber with the resin; and a heating furnace, disposed 
between the drawing furnace and the resin coating sec- 
tion, for heating and annealing the drawn optical fiber in 
an atmosphere constituted by a second gas having a 
thermal conductivity lower than the predetermined ther- is 
mal conductivity of the first gas. 

[0011] Since the heating furnace for heating and an- 
nealing the drawn optical fiber in an-atmosphere consti- 
tuted, by the second gas having a thermal conductivity 
lowerthanthe predetermined thermal conductivity of the 20 
first gas is provided between the drawing furnace and 
the resin coating section, the thermal conductivity of the 
atmosphere gas for the optical fiber within the heating 
furnace is lowered, so that the cooling rate of the optical 
fiber before being coated with a resin after being drawn 25 
upon heating is slowed down in a predetermined seg- 
ment, whereby the optical fiber is annealed/Therefore, 
the virtual temperature^ the optical fiber is lowered, so 
that the randomness in atomic arrangement is reduced, 
whereby it is possible to make, in a very short period of 30 
time from the drawing upon heating to the resin coating, 
an optical fiber whose transmission loss is lowered by 
reducing its Rayleigh scattering intensity. Since the 
Rayleigh scattering intensity is reduced by controlling 
the cooling rate of the optical fiber before being coated 35 
with a resin after being drawn, the heat treatment for 
reheating such as that in the above-mentioned prior art 
is unnecessary, whereby the apparatus can be applied 
quite easily to the mass production of coated optical fib- 
ers whose surface is coated with a resin. Also, since the <*o 
atmosphere gas for the optical fiber within the drawing 
furnace has a thermal conductivity higher than that of 
the second gas acting as the atmosphere gas within the 
heating furnace, the optical fiber preform is softened up- 
on heating and rapidly cooled until it approximates a pre- *5 
determined diameter, whereby the outer diameter of op- 
tical fiber can be restrained from fluctuating. 
[0012] The apparatus for making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that the heating furnace is disposed with a pre- so 
determined gap with respect to the drawing furnace. 
[0013] Providing a predetermined gap between the 
heating furnace and the drawing furnace suppresses 
the occurrence of such a state that the first gas flows 
into the heating furnace side or the second gas flows 55 
into the drawing furnace side, whereby the thermal con- 
ductivity of atmosphere gas within the drawing furnace 
and the thermal conductivity of atmosphere gas within 



the heating furnace are maintained appropriately. 
Therefore, it becomes possible to stably make an optical 
fiber whose transmission loss is lowered while its outer 
diameter is restrained from fluctuating. 
[0014] The apparatus for making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that the first'gas is He gas, whereas the second 
gas is one of N 2 gas.'Ar gas, and air. 
[0015] When the first gas is He gas while the second 
gas is one of N 2 gas, Ar gas, and air, the thermal con- 
ductivity of atmosphere gas within the drawing furnace 
and the thermal conductivity of atmosphere gas within 
the heating furnace can be set to appropriate values. 
[001 6] The apparatus for making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that the heating' furnace' has a muffle tube for 
passing the drawn optical fiber therethrough, whereas 
the muffle tube is disposed at a position where the drawn 
optical fiber has an entering temperature within the 
range of 1400 to 1800°Cwith respect to the muffle tube. 
[0017] When the heating furnace is disposed at a po- 
sition where the drawn optical fiber has ah entering tem- 
perature within the range of 1 400 to 1 800°C with respect 
to the muffle tube, the cooling rate of the optical fiber in 
a part attaining a temperature of 1300 to 1700°C is 
slowed down in a predetermined segment, whereby the 
virtual temperature of the optical fiber is further lowered, 
which makes it possible to further reduce the Rayleigh 
scattering intensity. 

[0018] In order to achieve the above-mentioned ob- 
ject in view of the above-mentioned results of studies, 
the present invention provides a method of making an 
optical fiber, which draws an optical fiber preform upon 
heating and coats thus drawn optical fiber with a resin; 
the method comprising the steps of drawing the optical 
fiber preform upon heating in an atmosphere constituted 
by a first gas having a predetermined thermal conduc- 
tivity; heating and annealing the drawn optical fiber in 
an atmosphere. constituted by a second gas having a 
thermal conductivity lower than the predetermined ther- 
mal conductivity of the first gas; and coating the an- 
nealed optical fiber with the resin. 
[0019] Since the optical fiber preform is drawn upon 
heating in an atmosphere constituted by the first gas, 
and then the drawn optical fiber is heated and annealed 
in an atmosphere constituted by the second gas having 
a thermal conductivity lower than the predetermined 
thermal conductivity of the first gas, the cooling rate of 
the optical fiber before being coated with the resin after 
being drawn upon heating is slowed down in a prede- 
termined segment. Therefore, the virtual temperature of 
the optical fiber is lowered, so that the randomness in 
atomic arrangement is reduced, whereby it is possible 
to make, in a short period of time from the drawing upon 
heating to the resin coating, an optical fiber whose trans- 
mission loss is lowered by reducing its Rayleigh scat- 
tering intensity. Since the Rayleigh scattering intensity 
is reduced by controlling the cooling rate of the optical 
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fiber before being coated with a resin after being drawn, 
the heat treatment for reheating such as that in the 
above-mentioned prior art is unnecessary, whereby the 
method can be applied quite easily to the mass produc- 
tion of coated optical fibers whose surface is coated with 
a resin. Also, since the optical fiber preform is drawn 
upon heating in an atmosphere gas constituted by the 
first gas having a thermal conductivity higher than that 
of the second gas, the optical fiber preform is softened 
upon heating and rapidly cooled until it approximates a 
predetermined diameter, whereby the outer diameter of 
optical fiber can be restrained from fluctuating. 
[0020] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that the heating furnace disposed with a prede- 
termined distance with respect to the drawing furnace 
for drawing the optical fiber preform upon heating is 
used. so,as to, anneal the drawn optical fiber m the heat- 
ing furnace. 

[0021 ] Using the heating furnace disposed with a pre- 
determined distance with respect to the drawing furnace 
suppresses the occurrence of such a state that the first 
gas flows into the heating furnace side or the second 
gas flows into the drawing furnace side, whereby the 
thermal conductivity of atmosphere gas within the draw- 
ing furnace and the thermal conductivity of atmosphere 
gas within the heating furnace are maintained appropri- 
ately Therefore, it becomes possible to stably make an 
optical fiber whose transmission loss is lowered while 
its outer diameter is restrained from fluctuating. 
[0022] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that He gas is used as the first gas, whereas one 
of N 2 gas, Ar gas, and air is used as the second gas. 
[0023] When He gas is used as the first gas while one 
of N 2 gas, Ar gas, and air is used as the second gas, 
the thermal conductivity of atmosphere gas within the 
drawing furnace and the thermal conductivity of atmos- 
phere gas within the heating furnace can be set to ap- 
propriate values. 

[0024] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that, as the heating furnace, a heating furnace 
having a muffle tube disposed at a position where the 
drawn optical fiber has an entering temperature within 
the range of 1400 to 1800°C with respect to the muffle 
tube is used, so as to anneal the drawn optical fiber in 
the heating furnace. 

[0025] When the heating furnace disposed at a posi- 
tion where the drawn optical fiber has an entering tem- 
perature within the range of 1 400 to 1 800*C with respect 
to the muffle tube is used, the cooling rate of the optical 
f iber in a part attaining a temperature of 1300 to 1700°C 
can be slowed down in a predetermined segment, 
whereby the virtual temperature of the optical fiber is 
further lowered, which makes it possible to further re- 
duce the Rayleigh scattering intensity. 
[0026] Also, the inventors have newly found the fol- 



lowing facts. A heating furnace for heating and anneal- 
ing the optical fiber drawn, by the drawing furnace may 
be disposed in order to slow down the cooling rate in a 
predetermined segment in a part where the optical fiber 
5 has a temperature of 1200 to 1700°C. When this heating 
furnace is disposed so as to be directly connected to the 
drawing furnace, however, the dust occurring within the 
drawing furnace may enter the heating furnace and at- 
tach to the optical fiber within the heating furnace, there- 
to by causing such problems as "spike" by which the glass 
diameter of the optical fiber changes temporarily, and 
the decrease in strength of the optical fiber. Examples 
of the dust occurring within the drawing furnace include 
(1 ) those occurring due to the wear and deterioration of 
15 the muffle tube in the drawing furnace, (2) those occur- 
ring upon recrystaliization of volatile components in the 
optical. fiber preform, (3) those generated upon reac- 
tions of the volatile components in the optical fiber pre- 
form with constituents of the muffle tube, (4) those oc- 
20 curring upon reactions with these products with gases 
flowing through the muffle tube ofthe drawing furnace, 
and the like. ■ - 

[0027] -When the heating furnace is not directly con- 
nected to the drawing furnace but disposed with a pre- 
25 determined gap with respect to the drawing furnace, the 
cooling of the optical fiber may become uneven since 
the optical fiber let out of the drawing furnace is under 
the influence ofthe turbulence of outside airflows before 
entering the heating furnace, thereby causing such a 
30 problem as "glass diameter fluctuation" in which the 
glass diameter of the optical fiber periodically changes, 
or the deterioration in bending of the optical fiber. 
[0028] In order to achieve the above-mentioned ob- 
ject in view of such results of the studies, the present 
35 invention provides a method of making an optical fiber, 
which draws an optical fiber preform upon heating; the 
method comprising the steps of using a drawing furnace 
for drawing the optical fiber preform in an atmosphere 
constituted by a first gas and a heating furnace, dis- 
40 posed with a predetermined gap with- respect to the 
drawing furnace, for heating and annealing in an atmos- 
phere constituted by a second gas the optical fiber 
drawn by the drawing furnace; forming the gap between 
the drawing furnace and the heating furnace into a gas 
45 mixture layer in which the first and second gases exist 
in a mixed state; feeding the optical fiber drawn by the 
drawing furnace to the heating furnace by way of the 
gas mixture layer; and heating the drawn optical fiber in 
the heating furnace such that the optical fiber has a tem- 
so perature within the range of 1 200 to T700°C. 

[0029] Since the drawn optical fiber is heated in the 
heating furnace such that the optical fiber has a temper- 
ature within the range of 1200 to 1700°C, the cooling 
rate of the optical fiber drawn upon heating in the part 
55 where the optical fiber has a temperature within the 
range of 1200 to 1700°C is slowed down in a predeter- 
mined segment, whereby the optical fiber is annealed. 
Therefore, the virtual temperature of the optical fiber de- 
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creases, so that the randomness in atomic arrangement 
is reduced, whereby it is possible to m'ake, in a very short 
period of time from the drawing upon heating to the resin 
coating, an optical fiber whose transmission loss is low- 
ered by reducing its Rayleigh scattering intensity. Since 
the Rayleigh scattering intensity is reduced by control- 
ling the cooling rate of the optical fiber before being coat- 
ed with a resin after being drawn, the heat treatment for 
reheating such as that in the above-mentioned prior art 
is unnecessary, whereby the method can be applied 
quite easily to the mass production of coated optical fib- 
ers whose surface is coated with a resin. 
[0030] Since the heating furnace is disposed with a 
predetermined gap with respect to the drawing furnace 
while the gap between the heating furnace and the 
drawing furnace is formed into a gas mixture layer in 
which the first and second gases exist in a mixed state, 
the dust occurring within the drawing furnace is re- 
strained from entering the heating furnace, whereby the 
above-mentioned occurrence of "spike" or deterioration 
in the strength of the optical fiber can be suppressed. 
Also, since the gas mixture layer exists, the turbulence 
of outside airflows becomes less influential between the 
drawing furnace and the heating furnace, whereby the 
above-mentioned occurrence of "glass diameter fluctu- 
ation" or deterioration in bending of the optical fiber can 
be suppressed. 

[0031] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that a barrier for separating the gas mixture layer 
from the outside air is provided, whereas the barrier is 
formed with a gas exit section for letting out at least the 
first gas. 

[0032] When the barrier is provided, the turbulence in 
outside airflows becomes less influential, whereby the 
occurrence of "glass diameter fluctuation" or deteriora- 
tion in bending of the optical fiber can further be sup- 
pressed. When the gas exit section for letting out at least 
the first gas is formed, the dust occurring within the 
drawing furnace is further restrained from entering the 
heating furnace, whereby the above-mentioned occur- 
rence of "spike" or deterioration in strength of the optical 
fiber can further be suppressed. 

[0033] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that a gas having a thermal conductivity on a par 
with or lower than that of the first gas is used as the 
second gas. 

[0034] When a gas having a thermal conductivity on 
a par with or lower than that of the first gas is used as 
the second gas, drawing can be carried out stably when 
an optical fiber preform having a relatively large diame- 
ter is used for drawing in particular, and an optical fiber 
whose transmission loss is lowered can be made. 
[0035] The method of making an optical fiber in ac- 
cordance with the present invention may be character- 
ized in that the drawn optical fiber has an entering tem- 
perature within the range of 1 400 to 1 900°C with respect 



to the gas mixture layer. 

[0036] When the drawn optical fiber has ah entering 
temperature within the range of 1400 to 1900°C with re- 
spect to the gas mixture layer, the drawn optical fiber at 
5 a high temperature is annealed in the heating furnace, 
whereby the transmission loss of optical fiber can be 
lowered. 

[0037] In order to achieve the above-mentioned ob- 
ject in view of the results of studies mentioned above, 

10 the present invention provides an apparatus for making 
an optical fiber, which draws an optical fiber preform up- 
on heating; the apparatus comprising a drawing furnace 
for drawing the optical fiber preform upon heating in an 
atmosphere constituted by a first gas; and a heating f ur- 

15 nace, disposed with a predetermined gap with respect 
to the drawing furnace, for heating the drawn optical fib- 
er in an atmosphere constituted by a second gas such 
that the optical fiber attains a temperature within the 
range of 1200 to 1700°C; wherein the gap between the 

20 drawing furnace and the heating furnace is formed'into 
a gas mixture layer in which the first and second gases 
exist in a mixed state. 

[0038] Since the drawn optical fiber is heated in the 
heating furnace such that the optical fiber attains a tem- 

25 perature within the range of 1 200 to 1 700°C, the cooling 
rate of the optical fiber in a part attaining a temperature 
of 1200 to 1700°C is slowed down in a predetermined 
segment, whereby the optical fiber is annealed. There- 
fore, the virtual temperature of the optical fiber decreas- 

30 es, so that the randomness in atomic arrangement is 
reduced, whereby it is possible to make, in a very short 
period of time from the drawing upon heating to the resin 
coating, an optical fiber whose transmission loss is low- 
ered by reducing its Rayleigh scattering intensity. Since 

35 the Rayleigh scattering intensity is reducedby control- 
ling the cooling rate of the optical fiber before being coat- 
ed with a resin after being drawn, the heat treatment for 
reheating such as that in the above-mentioned prior art 
is unnecessary, whereby the apparatus can be applied 

^0 quite easily to the mass production of coated optical fib- 
ers whose surface is coated with a resin. 
[0039] Since the heating furnace is provided with a 
predetermined gap with respect to the drawing furnace 
while the gap between the heating furnace and the 

45 drawing furnace is formed into a gas mixture layer in 
which the first and second gases exist in a mixed state, 
the dust occurring within the drawing furnace is re- 
strained from entering the heating furnace, whereby the 
above-mentioned occurrence of "spike" or deterioration 

50 in strength of the optica! fibercan further be suppressed. 
Also, since the gas mixture layer exists, the turbulence 
of outside airflows becomes less influential between the 
drawing furnace and the heating furnace, whereby the 
above-mentioned occurrence of "glass diameter fluctu- 

55 ation" or deterioration in bending of the optical fiber can 
be suppressed. 
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Brief Description of the Drawings 
[0040] 



Fig. 1 is a schematic diagram showing a first em- 
bodiment of the apparatus and method for making 
an optical fiber in accordance with the present in- 
vention; 

Fig. 2 is a table showing Examples in conformity to 
the first embodiment of the apparatus and method 
for making an optical fiber in accordance with the 
present invention and Comparative Examples; 
Fig. 3A is a schematic diagram showing the f irst em- 
bodiment of the apparatus and method for making 
an optical fiber in accordance with the present in- 
vention; 

Fig. 3B is a graph showing temperature distribu- 
tions of optical fibers in Examples in conformity to 
the first embodiment of the, apparatus and method 
for making an optical fiber in accordance with the 
present invention and Comparative Examples; 
Fig. 4 is a schematic diagram showing a second em- 
bodiment of the apparatus and method for making 
an optical fiber in accordance with the present in- 
vention; 

Fig. 5 is a table showing Examples in conformity to 
the second embodiment of the apparatus and meth- 
od for making an optical fiber in accordance with the 
present invention and Comparative Examples; 
Fig. 6 is a schematic diagram showing the appara- 
tus and method for making an optical fiber in Com- 
parative Example 4; 

Fig. 7 is a schematic diagram showing the appara- 
tus and method for making an optical fiber in Com- 
parative Examples 5 and 6; and 
Fig. 8 is a graph showing the relationship between 
the cooling rate of optical fiber preform and the 
Rayleigh scattering coefficient. 

Best Modes for Carrying Out the Invention 

[0041] Embodiments of the present invention will be 
explained with reference to the drawings. In the expla- 
nation of the drawings, constituents identical to each 
other will be referred to with numerals identical to each 
other without repeating their overlapping descriptions. 

First Embodiment 

[0042] To begin with, a first embodiment of the appa- 
ratus and method for making an optical fiber in accord- 
ance with the present invention will be explained with 
reference to Fig. 1 . 

[0043] A drawing apparatus 1 is a drawing. apparatus 
for silica type optical fibers, having a drawing furnace 
11 , a heating furnace 21 for annealing, and a resin cur- 
ing section 31 which are disposed in this order in the 
drawing direction of an optical fiber preform 2 (down- 



ward in Fig. 1). The. optical fiber preform 2 held by a 
preform supply apparatus (not depicted) is supplied to 
the drawing furnace 11 , and the lower end of the optical 
fiber preform 2 is heated and softened by a heater 12 
5 within the drawing furnace 1 1 , whereby an optical fiber 
3 is drawn. The drawing furnace 11 has a muffle tube 
13 configured such that an He gas supply passage 15 
from an He gas supply section 14 is connected thereto, 
so as to supply He gas as a first gas into the muffle tube 
10 13 of the drawing furnace 11 , whereby an He gas at- 
mosphere is attained within the muffle tube 13. The op- 
tical fiber 3 drawn upon heating is drastically cooled to 
about 1 700°C within the muffle tube 1 3. Thereafter, the 
optical fiber 3 is let out of the drawing furnace 11 from 
15 the lower part of the muffle tube 13, and is cooled with 
air between the drawing furnace 11 and the heating fur- 
nace 21 . The thermal conductivity X (T = 300 K) of He 
gas is 1 50 mW7(m>K), whereas the thermal conductivity 
X (T=300K) of air is 26 mW/(n>K).:.. , :=«• - 
20 [0044] . The air-cooled optical fiber 3 is fed to the heat- 
ing furnace 21, whereby a predetermined segment of 
the optical fiber 3 is heated and then is annealed at a 
predetermined cooling rate. The heating furnace 21 has 
a muffle tube 23 through which the optical fiber 3 pass- 
25 es, whereas the muffle tube 23 is set such that the total 
length L2 (m) of the optical fiber preform 2 in the drawing 
direction of the optical fiber preform 2 (the vertical direc- 
tion in Fig. 1) satisfies: 



30 



(2) 



where V is the drawing rate (m/s). Also, the heating fur- 
nace 21 is disposed such that the muffle tube 23 is set 
35 at a position where the optical fiber immediately before 
entering the muffle tube 23 has a temperature (entering 
temperature) within the range of 1400 to 1 800°C, while 
satisfying the following relationship with respect to the 
drawing furnace 11: 

40 



L1<0.2X V 



(3) 



where L1 is the distance (m) from the lower end of the 
45 heater 12 in the drawing furnace 11 to the upper end of 
the muffle tube 23, and V is the drawing rate (m/s). The 
temperature of a heater 22 in the heating furnace 21 is 
set such that the inner peripheral face of the muffle tube 
23 (the surface facing the surface of the optical fiber pre- 
so form 2 or optical fiber 3) attains a surface temperature 
within the range of 1200 to 1600°C, 1300 to 1500°C in 
particular. 

[0045] When the position and length of the heating 
furnace 21 (muffle tube 23) are set as mentioned above, 
55 a segment where the optical fiber 3 drawn upon heating 
yields a temperature difference of 50°C or more, e.g., a 
part where the temperature of the optical fiber 3 ranges 
from 1400 to 1 600°C (a segment yielding a temperature 
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difference of 200°C), in a portion where the temperature 
of the optical fiber 3 ranges from 1300 to 1 700°C is an- 
nealed at a cooling rate of 1000°C/s or less. When the 
surface temperature of inner peripheral face of the muf- 
fle tube 23 (the surface facing the surface of the optical 5 
fiber preform 2 or optical fiber 3) is set to a temperature 
within the range of 1300 to 1500°C, a segment where 
the optical fiber 3 drawn upon heating yields a temper- 
ature difference of 50°C or more in a portion where the 
temperature of the optical fiber 3 ranges from 1400 to 10 
1 600°C is annealed at a cooling rate of 1 000°C/s or less. 
[0046] The muffle tube 23 of the heating furnace 21 
is configured such that an N 2 gas supply passage 25 
from an N 2 gas supply section 24 is connected thereto, 
so as to supply N 2 gas as a second gas into the muffle 15 
tube 23 of the heating furnace 21, whereby an N 2 gas 
atmosphere is attained within the muffle tube 23. N 2 gas 
has, a thermal conductivity lower than that of He gas, 
thereby acting to slow down the cooling rate of optical 
fiber. The thermal conductivity X (T = 300 K) of N 2 gas 20 
is 26 mW/(m-K). A gas having a relatively high molecular 
weight such as air or Ar, and the like can be used in 
place of N 2 gas. When a carbon heater is employed, it 
is necessary to use an inert gas as a matter of course. 
[0047] The outer diameter of the optical fiber 3 let out 25 
of the heating furnace 21 is measured online by an outer 
diameter meter 33 acting as outer diameter measuring 
means, and its measured value is fed back to a driving 
motor 35 for driving a drum 34 to rotate, whereby the 
outer diameter is controlled so as to become constant. 30 
An output signal from the outer diameter meter 33 is fed 
to a control unit 36 acting as control means, and the ro- 
tating speed of the drum 34 (driving motor 35) is deter- 
mined by an arithmetic operation such that the outer di- 
ameter of the optical fiber 3 attains a predetermined val- 35 
ue which has been set beforehand. From the control unit 
36, an output signal indicative of the rotating speed of 
the drum 34 (driving motor 35) determined by the arith- 
metic operation is fed to a driving motor driver (not 
depicted) . According to the output signal from the con- 40 
trol unit 36, the driving motor driver controls the rotating 
speed of the driving motor 35. 

[0048] Thereafter, a coating die 38 coats the optical 
fiber 3 with a UV resin 39, and a UV lamp 32 in the resin 
curing section 31 cures the UV resin 39, thereby yielding *5 
a coated optical fiber 4. Then, by way of a guide roller 
51 , the coated optical fiber 4 is taken up by the drum 34. 
The drum 34 is supported by a rotary driving shaft 37, 
whereas an end part of the rotary driving shaft 37 is con- 
nected to the driving motor 35. Here, the coating die 38 so 
and resin curing section 31 constitute the resin coating 
section in each claim. The resin coating section may be 
configured so as to apply a thermosetting resin, which 
is then cured by the heating furnace. 

[0049] With reference to Fig. 2, results of experiments 55 
in conformity to the apparatus and method for making 
an optical fiber in accordance with the first embodiment 
carried out by using the above-mentioned drawing ap- 



paratus 1 (where the drawing furnace 11 has a muffle 
tube extension with a length (L3) of 0.07 m) will now be 
explained. These experiments have the following com- 
mon conditions. As the optical fiber preform 2,'one hav- 
ing an outer diameter of 50 mm was used, and an optical 
fiber 3 having an outer diameter of 125 ujti was drawn 
from the optical fiber preform 2. The temperature of the 
drawing furnace was such that the surface temperature 
of the inner peripheral face of the muffle tube was about 
2000°C. In the following experimental examples (Exam- 
ples 1 and 2 and Comparative Examples 1 to 3), the 
temperature of the optical fiber 3 refers to the surface 
temperature of the optical fiber 3. The difference in tem- 
perature between the surface of the optica) fiber 3 and 
the inside thereof is about 20 to 100°C. The tempera- 
tures of the drawing furnace 11 and heating furnace 21 
refer to the surface temperatures of the inner peripheral 
faces of the muffle tubes 13, 23 (facing the surface of 
the optical fiber preform 2 or optical fiber 3)-' - 
[0050] Examples 1 and 2 are examples in conformity 
to the apparatus and method for making an optical fiber 
in accordance with the above-mentioned first embodi- 
ment, whereas Comparative Examples 1 to 3 are com- 
parative examples carried out for comparison with the 
above-mentioned Examples in conformity to the appa- 
ratus and method for making an optical fiber in accord- 
ance with the first embodiment. 

Example 1 

[0051] Using a heating furnace having a muffle tube 
(with an inner peripheral diameter of about 30 mm) in 
which L1 = 0.4 m and L2 = 1 .0 m, an optical fiber was 
drawn. The distance (L4) between the drawing furnace 
and the heating furnace was set to 0.05 m. The optical 
fiber preform to be drawn had a core portion constituted 
by pure silica glass, and a cladding portion constituted 
by fluorine-doped glass. The drawing rate was 4 m/s, 
the drawing tension was 0.245 N (25 gf), and the tem- 
perature of the heating furnace (the surface temperature 
of the inner peripheral face of the muffle tube) was 
1400°C. The temperature (entering temperature) of the 
optical fiber immediately before entering the heating fur- 
nace was about 1 600°C in terms of the surface temper- 
ature of optical fiber . As can be seen from characteristic 
a in Fig. 3B, the optical fiber had such a temperature 
distribution (calculated value) that it was annealed as 
being held at a temperature of 1600°C or thereabout 
within the heating furnace 21 . Here, in the heating fur- 
nace, a part of the drawn optical fiber where the temper- 
ature ranged from 1550 to 1650°C was supposed to 
have been cooled at an annealing rate of about 600 to 
800°C/s in a segment of 1 .0 m which was the total length 
of the heating furnace. As shown in Fig. 3A, a forcible 
cooling section 61 was provided with a predetermined 
gap with respect to the heating furnace, wherebythe an- 
nealed optical fiber 3 was forcibly cooled in the forcible 
cooling section 61 . 
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[0 052] Upon measurement, the transmission Moss 
U U>ect to light «J£ 

drawn optical fiber was 125±0.1 urn. 
Example 2 

raossi Using a heating furnace having a muffle tube 

T T he distant (L4) between the drawing furnace 
drawn. The distance « optica 

=.-SS=S= 

r ,™»ilTON»S9D.»«ltb« temperature otthe 

§E2ES*S=| 

Sal fiber Here, in the heating furnace, a part of the 
d^wJ optical fiber where the temperature ranged from 
iSoto 1600-C was supposed to have been cooled at 
IfanneZ rate of aboutSOO to « - segment 
ot 2.0 m which was the total length of the heat.ng 

mOM] Upon measurement, the transmission loss 
Respect to light ^-J^ff ffi 

SddSL of wavelength characteristics of tmnsm**on 
" 0 s S was 0.92 dBunWkm. The outer d.ameter of the 
drawn optical fiber was 125±0.1 pm 

Comparative Example 1 



ro0561 Upon measurement, the transmission loss 
wft h espect to light having a wavelength of 155 am) 
She drawn optica, f iber was 0.1 8 dB/km. The Rayle^ 
scattering coefficient determined from measured data 
s o5 wSngth characteristics of transmission loss was 
0.9 dBuJTvVkm. 



Comparative Example 2 



m0551 Using a heating furnace having a muffle tube 

* para *a glass, ant, a dadoing portion 
5 Lnne*ped si.kra glass. ™ «t»'ng * 
™vc and the drawing tension was 0.245 N l*» 9*)- <™ 

rate of about 30000°C/s. 



,o [0057] Using a heating furnace having a muffle tube 
with In inner peripheral diameter of about 30 _ nvn) m 
which L1 = 0.4 m and L2 = 1 -0 m. an optical fiber was 
drawn The distance (L4) between the drawing furnace 
and the Seating furnace was set to 0.05 m. The optical 
, 5 fiCer preform to be drawn had a core portion constituted 

SLrine-doped silica glass. The drawmg *e was * 
rn/s and the drawing tension was 0.245 N (25 gf). no 
Seating was carried out in the heating furnace. ; N, gas 
- 20 was supplied into the heating furnace (muffle tube) As 

«f the drawn optical fiber was 0.174 dB/km. me 
Ivtetah scattering coefficient determined from meas- 
Sfl tfLellngth characteristics of transm.ss.on 
30 loss was 0.86 dBpm 4 /km. 

Comparative Example 3 

r0 0591 Using a heating furnace having a muffle tube 
ss wHh In innerWra. diameter -^3fl^ 
K-^h i 1 - o 4 m and L2 = 1 .0 m, an optical fiber was 
iawn The dfstence (U4) between the drawing furnace 
anTthe heating furnace was set to 0.05 m. The optical 
fiber Worm to be drawn had a core portion constituted 
40 ££?£m glass, and a cladding portion constituted 
£ fluorine-doped silica glass. The drawing rate was 4 
Zs the drawing tension was 0.245 N (25 gf), and the 
temo* ature of L heating furnace (the surface temper- 
ature oSe Inner peripheral face of the muffle tube) was 
45 535 X g. was supplied into the heating furnace 
/muffle tube) instead of He gas. 
0060 Upon measurement, the transrmss on toss 
with respect to light having a wavelength oM« unQ 
of the drawn optical fiber was 0.170 dB/km. me 
so RaJteV scattering coefficient determined from meas- 
ured date of wavelength characteristics of transm.ss on 
toss was 0.84 dBumMcm. The outer diameter of the 
drawn optical fiber was 125+0.3 um. • 
rnuGIl As in the foregoing, Example 1 yielded a 
55 SayTe ghtcattering coefficient of 0.84 dB^/km and a 
Snsmission loss of 0.17 dB/km with respect to light 
having a wavelength of 1 .55 pm. so that the tra = - 
ston loss was reduced by lowering the Rayle,gh scatter- 
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ing loss as compared with Comparative Examples 1 and 
2 yielding a Rayleigh scattering coefficient of 0.86 to 0.9 
dBu.m 4 /km and a transmission loss of 0.174 to 0.1 B dB/ 
km with respect to light having a wavelength of 1 .55 u.m 
in Comparative Examples 1 and 2. On the other hand, 
Example 2 yielded a Rayleigh scattering coefficient of 
0.92 dBujn 4 /km and a transmission loss of 0.1 82 dB/km 
with respect to light having a wavelength of 1 .55 u.m, 
thereby fully reducing the transmission loss as a Ge- 
containing single-mode optical fiber. • 
[0062] . In Examples 1 and 2, the outer diameter of the 
drawn optical fiber was 125+0.1 ujti, whereby the fluc- 
tuation in outer diameter of the optical fiber was sup- 
pressed as compared with that of 125±0.3 u,m in Com- 
parative Example 3, whereby stable drawing was pos- 
sible. . 

[0063J Thus, as can be seen from the results of ex- 
periments mentioned above, the heating furnace 21 for 
heating a predetermined segment of the optical fiber 3 
and annealing it at a predetermined cooling rate is dis- 
posed between the drawing furnace 11 and the resin 
curing section 31 (coating die 38), the He gas supply 
passage 15 from the He gas supply section 1 4 is con- 
nected to the muffle tube 13 of the drawing furnace 11 
so as to supply He gas into the muffle tube 13, and the 
N 2 gas supply passage 25 from the N 2 gas supply sec- 
tion 24 is connected to the muffle tube 23 of the heating 
furnace 21 so as to supply N 2 gas into the muffle tube 
23, whereby an He gas atmosphere is attained within 
the muffle tube 13 while an N 2 gas atmosphere is at- 
tained within the muffle tube 23. Therefore, the atmos- 
phere gas for the optical fiber 3 within the heating fur- 
nace 21 has a lower thermal conductivity (N 2 gas yields 
a thermal conductivity X. (T = 300 K) of 26 mW/jm-K)), 
so that the cooling rate of the optical fiber before being 
coated with the UV resin 39 after being drawn upon 
heating is slowed down in a predetermined segment, 
whereby the virtual temperature of the optical fiber 3 de- 
creases, thus reducing the randomness in atomic ar- 
rangement. Consequently, it is possible to make, in a 
very short period of time between the drawing upon 
heating and the coating with the UV resin 39, the optical 
fiber 3 whose transmission loss is reduced by lowering 
its Rayleigh scattering intensity. Since the Rayleigh 
scattering intensity is reduced by controlling the cooling 
rate of the optical fiber 3 before being coated with a resin 
after being drawn, the heat treatment for reheating such 
as that in the above-mentioned prior art is unnecessary, 
whereby this embodiment can be applied quite easily to 
the mass production of the coated optical fiber 4 whose 
surface is coated with the UV resin 39 cured thereon. 
Also, since the atmosphere gas for the optical fiber 3 
within the drawing furnace 1 1 has a thermal conductivity 
higher than that of the atmosphere gas within the heat- 
ing furnace (He gas yields a thermal conductivity X (T = 
300 K) of 150 mW/(nrvK)), the optical fiber preform 2 is 
softened upon heating and rapidly cooled until it approx- 
imates a predetermined diameter, whereby the outer di- 



ameter of optical fiber can be restrained from fluctuating. 
[0064] Since the heating furnace 21 is disposed with 
a predetermined gap with respect to the drawing furnace 
11, so that the optical fiber 3 is let out of the drawing 

5 furnace 11 from the lower part of the muffle tube 13 and 
is cooled with air between the drawing furnace 11 and 
heating furnace 21 before entering the heating furnace 
21 , the occurrence of such a state that He gas flows into 
the heating furnace 21 (into the muffle tube 23) or N 2 

to gas flows into the drawing furnace 11 (into themuffle 
tube 13) is suppressed, whereby the thermal conductiv- 
ity of He gas within the drawing furnace 1 1 and the ther- 
mal conductivity of N 2 gas within the heating furnace 21 
are maintained appropriately. As a consequence, the 

*s optical fiber 3 whose transmission loss is lowered while 
its outer diameter is restrained from fluctuating can be 
made stably. 

[0065] When the muffle tube 23 of the heating furnace 
21 is located at a position where the temperature (en- 

20 tering temperature) of the optical fiber immediately be- 
fore entering the muffle tube 23 falls within the range of 
1400 to 1800°C, a predetermined segment of the por- 
tion of optical fiber 3 yielding a temperature of 1300 to 
1 700°C before being coated with the UV resin 39 can 

25 securely be heated, so as to appropriately slow down 
the cooling rate in this portion. Since the cooling rate is 
slowed down in a predetermined segment in the portion 
of optical fiber 3 yielding a temperature" of 1300 to 
1 700°C, the virtual temperature of the optical fiber 3 de- 

30 creases, whereby the Rayleigh scattering loss can fur- 
ther be reduced. 

[0066] When the muffle tube 23 of the heating furnace 
21 is located at a position satisfying the above-men- 
tioned expression (3), a predetermined segment of the 

35 portion of optical fiber 3 yielding a temperature of 1 300 
to 1 700°C before being coated with the UV resin 39 after 
being drawn upon heating in the drawing furnace 11 can 
securely be heated, so as to appropriately slow down 
the cooling rate in this portion. 

40 [0067] When the muffle tube 23 of the heating furnace 
21 has a total length satisfying the above-mentioned ex- 
pression (2) : a predetermined segment of the portion of 
optical fiber 3 yielding a temperature of 1300 to 1700°C 
before being coated with the UV resin 39 after being 

45 drawn upon heating in the drawing furnace 11 can se- 
curely be heated, so as to appropriately slow down the 
cooling rate in this portion. 

[0068] Since the He gas atmosphere is attained within 
the muffle tube 13 of the drawing furnace 11 while the 

50 optical fiber 3 is cooled with air between the drawing fur- 
nace 11 and the heating furnace 21 such that its part 
before entering the heating furnace 21 (the part of opti- 
cal fiber 3 yielding a temperature of 1 700°C or higher) 
is cooled at a cooling rate of 4000°C/s or higher, the 

55 height of equipment required for cooling the optical fiber 
3 can be lowered when the drawing speed is high. Since 
the structural relaxation of atoms proceeds in a very 
short period of time at a temperature higher than 
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1700°C, the equilibrium state at each temperature can 
be maintained even when cooled at a cooling rate of 
4000°C/s or higher, which exerts no influence on the 
Rayleigh scattering intensity. 

ro069] Since the outer diameter meter 33 for measur- 
ing the outer diameter of the optical fiber 3 let out of the 
heating furnace 21 and the control unit 36 for controlling 
the rotating speed of the drum 34 (driving motor 35) in 
response to the output signal from the outer diameter 
meter 33 such that the outer diameter of the optical fiber 
3 attains a predetermined value are provided, the outer 
diameter of the optical fiber 3, whose outer diameter 
length is in a stable state, let out of the heating f urnace 
21 can be measured, so that the rotating speed of the 
drum 34 (driving motor 35).can be controlled according 
to this stable outer diameter, , whereby the drawing 
speed of the optical fiber 3 can be controlled appropn- 

3t©IV 

[0070] As a modified example of the first embodiment, 
the heater 22 of the heating furnace 21 may be consti- 
tuted by a plurality of heaters, which are arranged in the 
direction of drawing the optical fiber preform (downward 
in Fig 1 ) so as to yield such a temperature gradient that 
a higher temperature is attained on the drawing furnace 
11 side whereas a lower temperature is attained on the 
resin curing section 31 (coating die 38) side. The optical 
fiber 3 drawn upon heating in the drawing furnace 11 
hassuchatemperaturedistributionthatthetemperature 

decreases from the drawing furnace 11 side to the res.n 
curing section 31 (coating die 38) side. Therefore, when 
a plurality of heaters are provided so as to yield such a 
temperature gradient that a higher temperature is at- 
tained on the drawing furnace 11 side whereas a lower 
temperature is attained on the resin curing section 31 
(coating die 38) side, the inside of the muffle tube 23 
has a temperature distribution corresponding to the tem- 
perature of the optical fiber 3, thereby appropriately 
keeping the temperature difference with respect to the 
opticelfiber3, which makes it possible to coolthe optical 
fiber 3 at a further suitable cooling rate. 
[0071] As another modified example, the heating fur- 
nace 21 may be provided integrally with the drawing fur- 
nace 11 in a continuous fashion. The case where the 
heating furnace 21 is provided integrally with the draw- 
ing furnace 11 in a continuous fashion as such also en- 
ables the making of the optical fiber 3 whose transmis- 
sion loss is reduced by lowering the Rayleigh scattenng 
coefficient. 

Second Embodiment 

[0072] A second embodiment of the apparatus and 
method for making an optical fiber in accordance with 
the present invention will now be explained with refer- 
ence to Fig. 4. 

[0073] A drawing apparatus 1 01 is a drawing appara- 
tus lorsilica type optical fibers, having a drawing furnace 
11 a heating furnace 121 for annealing, and a resin cur- 



ing section 31 which are disposed in this order in the 
drawing direction of an optical fiber preform 2 (down- 
ward in Fig. 1). The optical fiber preform 2 held by a 
preform supply apparatus (not depicted) is supplied to 
s the drawing furnace 1 1 , and the lower end of the optical 
fiber preform 2 is heated and softened by a heater 12 
within the drawing furnace 11 , whereby an optical fiber 
3 is drawn. The drawing furnace 11 has a muffle tube 
1 3 configured such that a gas supply passage 115 from 
io a first gas supply section 1 14 is connected thereto, so 
that an atmosphere constituted by a first gas is attained 
within the muffle tube 13 of the drawing furnace 11 . The 
optical f iber 3 drawn upon heating is cooled to about 
1 900°C by the first gas within the muffle tube 1 3. There- 
15 after the optical fiber 3 is let out of the drawing furnace 
11 from a muffle tube extension 1 6. As the first gas, inert 
gases such as N 2 gas and He gas can be used, for ex- 
ample. The thermal conductivity X. (T = 300 K) of N 2 gas 
is 26 mW/(m-K), whereas the thermal conductivity \ (T 
20 =300K)of Hegas is 150mW/(m-K). 

[0074] The heating furnace 121 is disposed with a 
predetermined gap L5 with respect to the drawing fur- 
nace 11 , and has a heater 122 and a muffle tube 123. 
The heating furnace 121 anneals a predetermined part 
25 of the optical fiber 3 at a predetermined cooling rate by 
heating the optical fiber 3 within the muffle tube 123 with 
the heater 122. The annealing in the heating furnace 
1 21 is carried out such that a segment where the optical 
fiber 3 drawn upon heating yields a temperature differ- 
so ence of 50°C or more, e.g., a part where the temperature 
of the optical fiber 3 ranges from 1 400 to 1 600°C (a seg- 
ment yielding a temperature difference of 200°C), in a 
portion where the temperature of the opticalfiber3 rang- 
es from 1 200 to 1 700«C is annealed at a cooling rate of 
35 1 000°C/s or less. When the temperature of the furnace 
center is set so as to fall within the range of 1300 to 
1600-C a segment where the optical fiber 3 attains a 
temperature difference of 50°C or more is annealed at 
a cooling rate of 1 000°C/s or less in the portion of optical 
40 fiber 3 yielding a temperature of 1400 to 1 600°C. 

[0075] The installing positions of the heater 122 and 
muffle tube 123 in the heating furnace 121 and the total 
length thereof in the drawing direction of the optical fiber 
preform 2 (in the vertical direction of Fig. 4) are set in 
45 view of the drawing speed. Here, it is necessary to take 
account of the drawing speed because of the fact that 
the position yielding the same temperature in the optical 
fiber 3 shifts downward as the drawing rate increases. 
The temperature of the heater 1 22 in the heating furnace 
so 121 is set such that the segment in which the optical 
fiber 3 located within the muffle tube 1 23 attains a tem- 
perature difference of 50°C or more is cooled at a cool- 
ing rate of 1000°C/s or less. 

[0076] The muffle tube 1 23 of the heating furnace 121 
55 is configured so as to communicate with the outside air, 
whereby an atmosphere constituted by air (second gas) 
is attained within the muffle tube 123. The thermal con- 
ductivity X.(T= 300 K) of air is 26 mVw(m-K). A gas hav- 
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ing a relatively large molecular weight such as N 2 or Ar 
can be used In place of air. When a "gas such as N 2 or 
Ar is used as the second gas, the gas supply section as 
a source for supplying the second gas is configured so 
as to be connected to the muffle tube 1 23 by way of the s 
gas supply passage. 

[0077] • The heater 122 includes three heaters consti- 
tuted by a first heater 1 22a, a second heater 1 22b, and 
a third heater 1 22c. The first heater 1 22a, second heater 
122b, and third heater 122c are successively arranged 10 
In this order in the drawing direction of the optical fiber 
preform 2 (downward in Fig. 4). The respective temper- 
atures of the heaters 122a, 122b, 122c are adjusted so 
asjo satisfy:- 

15 



71 =72+25° C 



73= 72-25 °C 



(5) 



20 



where T1 is the surface temperature of the inner periph- 
eral face of the muffle tube 1 23 at a position correspond- 
ing to the first heater 1 22a; T2 is the surface temperature 
of the inner peripheral face of the muffle tube 123 at a 25 
position corresponding to the second heater 122b; and 
T3 is the surface temperature of the inner peripheral 
face of the muffle tube 123 at a position corresponding 
to the third heater 1 22c. The temperature difference be- 
tween T1 and T2 or the temperature difference between 30 
T2 and T3 is not restricted to 25°C, but may be about 
30°C, for example. All the heaters may be set to the 
same temperature as well. 

[0078] When temperature differences are provide be- 
tween the heaters 122a, 122b, 122c as mentioned 35 
above, a temperature gradient is formed within the muf- 
fle tube 1 23 of the heating furnace 1 21 such that the first 
heater 1 22a on the drawing furnace 1 1 side and the third 
heater 122c on the resin curing section 31 side attain 
higher and lower temperatures, respectively. Therefore, 40 
the inside of the muffle tube 1 23 has a temperature dis- 
tribution corresponding to the temperature distribution 
of the optical fiber 3 in which the temperature decreases 
from the drawing furnace 1 1 side to the resin curing sec- 
tion 31 side, whereby the temperature difference with 45 
respect to the optical fiber 3 can be kept more appropri- 
ately, and the optical fiber 3 can be cooled at a further 
suitable cooling rate. 

[0079] Abuffer chamber 41 acting as a gas mixture 
layer is disposed between the muffle tube extension 1 6 so 
and the heating furnace 121 , whereas the length of the 
buffer chamber 41 in the drawing direction of the optical 
fiber 3 is substantially L5 as shown in Fig. 4. A slight gap 
exists between the muffle tube extension 16 and the 
buffer chamber 41 , so that the muffle tube extension 1 6 ss 
and the buffer chamber 41 are not directly connected to 
each other. The buffer chamber 41 is constituted by a 
first buffer cell 42 and a second buffer cell 45. In the 



inner space of the buffer chamber 41 (the first buffer cell 
42 and second buffer cell 45) , the first gas as the atmos- 
phere gas within the drawing furnace 1 1 (muffle tube 1 3) 
and air as the atmosphere gas within the heating fur- 
nace 121 (muffle tube 123) exist in a mixed state. 
[0080] The first buffer cell 42 has a barrier 43 for sep- 
arating the inner space, through which the optical fiber 
3 passes, from the outside air, whereas the barrier 43 is 
formed with a plurality of exit holes 44 acting as a gas 
exit section for letting out the first gas flowing from within 
the drawing furnace 1 1 and the dust occurring within the 
drawing furnace 1 1 . The second buffer cell 45 has a bar- 
rier 46 for separating the inner space, through which the 
optica! fiber 3 passes, from the outside air, whereas the 
barrier 46 is formed with a plurality of exittubes 47 acting 
as a gas exit section for letting out the second gas flow- 
ing from within the drawing furnace 11 and the dust oc- 
curring within the drawing furnace 11. The first buffer 
cell 42 and the second buffer cell 45 are separated from 
each other by a partition wall 48. The partition wall 48 is 
formed with an optical fiber passing hole 49 though 
which the optical fiber 3 passes. A supply tube for sup- 
plying N 2 gas and the like may be connected to the sec- 
ond buffer cell 45 so as to supply N 2 gas and the like 
from the supply tube, thereby positively letting out the 
first gas flowing from within the drawing furnace 11 and 
the dust occurring within the drawing furnace 11. 
[0081 ] The optical fiber 3 let out of the drawing furnace 
1 1 from the muffle tube extension 1 6 subsequently en- 
ters the buffer chamber 41 (the first buffer cell 42 and 
second buffer cell 45), and then enters the heating fur- 
nace 121 so as to be annealed therein while in a state 
restrained from coming into contact with the outside air 
by the buffer chamber 41 (the first buffer cell 42 and sec- 
ond buffer cell 45). The entering temperature of the op- 
tical fiber 3 with respect to the buffer chamber 41 (the 
first buffer cell 42) falls within the range of 1400 to 
1 900°C so as not to hinder a segment where the optical 
fiber 3 attains a temperature difference of 50°C or more 
in the portion of optical fiber 3 yielding a temperature of 
1200 to 1700°C in the heating furnace 121 from being 
annealed. 

[0082] The outer diameter of the optical fiber 3 let out 
of the heating furnace 1 21 is measured online by an out- 
er diameter meter 33, and its measured value is fed back 
to a driving motor (not depicted) for driving an optical 
fiber take-up device (not depicted) to rotate, whereby 
the outer diameter is controlled so as to become con- 
stant. Preferably, the outer diameter meter is installed 
downstream the heating furnace 121 as such. This is 
because of the fact that, if the outer diameter meter 33 
is installed directly below the drawing furnace 11, the 
temperature of the optical fiber 3 will decrease there so 
much that effects of annealing may be lost. 
[0083] Thereafter, the optical fiber 3 is cooled to about 
several ten °C by a forcible cooling unit 40. The forcible 
cooling unit 40 is configured such that a gas (e.g., He 
gas) at a room temperature or lower is caused to flow 
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through a thin, elongated pipe through which the optical 
fiber 3 passes. The optical fiber 3 cooled by.the forcible 
cooling unit 40 is coated with a UV resin 39 by a coating 
die 38, and the UV resin 39 is cured by a UV lamp 32 in 
the resin curing section 31 , whereby a coated optical t 
fiber 4 is obtained. By way of a guide roller 51 , the coated 
optical fiber 4 is taken up by a drum. A thermosetting 
resin may be used in place of the UV resin, so as to be 
cured by the heating furnace. 

[0084] With reference to Fig. 5, results of experiments * 
in conformity to the apparatus and method for making 
an optical fiber in accordance with the second embodi- 
ment carried out by using the above-mentioned drawing 
apparatus 101 will now be explained. These experi- 
ments have the following common conditions. An optical ' 
fiber 3 having an outside diameter of 125 urn was drawn 
from the optical fiber preform 2. The temperature of the 
drawing furnace was such that the surface temperature 
of the inner peripheral face of the muffle tube (facing the 
surface of the "optical fiber preform 2 or optical fiber 3) 
was about 2000°C, whereas the drawing rate was 400 
m/min. 

[0085] Examples 3 to 5 are examples in conformity to 
the apparatus and method for making an optical fiber in 
accordance with the above-mentioned second embod- 
iment, whereas Comparative Examples 4 to 6 are com- 
parative examples carried out for comparison with the 
above-mentioned Examples in conformity to the appa- 
ratus and method for making an optical fiber in accord- 
ance with the second embodiment. 

Example 3 

[0086] Using a heating furnace with a muffle tube hav- 
ing an inner peripheral diameter of 20 mm and a total 
length of 1500 mm, an optical fiber was drawn. As the 
first gas, N 2 gas was used. The optical fiber preform to 
be drawn was one having a core portion constituted by 
pure silica glass and a cladding portion constituted by 
fluorine-doped glass, whose outer diameter was 40 mm. 
The buffer chamber 41 had a length L5 of 100 mm in 
the drawing direction of the optical fiber 3, whereas the 
muffle tube extension 16 had a length L6 of 50 mm in 
the drawing direction of the optical fiber 3. The heating 
furnace had a temperature (at the furnace center) of 
about 1500°C. The temperature (entering temperature) 
of the optical fiber immediately before entering the heat- 
ing furnace was supposed to be 1 800°C in terms of the 
surface temperature of optical fiber. Therefore, in the 
heating furnace, the part of drawn optical fiber where 
the temperature was 1 800 to 1 600° C was cooled at an 
annealing rate of about 890°C/s on average in a seg- 
ment of 1500 mm which was the total length of the heat- 
ing furnace. 

[0087] Upon measurement, the transmission loss of 
the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 \im) was 0.167 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 



ured data of wavelength characteristics of transmission 
loss was 0.835 dBjirrrVkm. Upon measurement, the out- 
er diameter of the drawn optical fiber was 125±0.15um, 
whereby "glass diameter fluctuation" was ±0.15 um. 

: The number of occurrences of "spike" per 1000 km of 
the drawn optical fiber was 0, whereas "bending abnor- 
mality ratio" was 0%. As for "bending abnormality ratio," 
the radius of curvature was measured at different posi- 
tions of the optical fiber, parts yielding a predetermined 

o radius of curvature (4.2m in this Example) or greater 
were defined defective, and the ratio of the number of 
positions where defects were detected to the number n 
of measured positions (n = 10 in this Example) was ex- 
pressed in terms of percentage. 

•5 

Example 4 

[0088] Using a heating furnace with a muffle tube hav- 
ing an inner peripheral diameter of 20 mm and a total 
20 length of 1 500 mm, as in Example 3, an optical fiber was 
drawn. As the first gas, He gas was used. The optical 
fiber preform to be drawn was one having a core portion 
constituted by pure silica glass and a cladding portion 
constituted by fluorine-doped glass, whose outer dianv 
25 eter was 80 mm. The buffer chamber 41 had a length 
L5 of 1 00 mm in the drawing direction of the optical fiber 
3, whereas the muffle tube extension 16 had a length 
L6 of 50 mm in the drawing direction of the optical fiber 
3. The heating furnace had a temperature (at the fur- 
30 nace center) of about 1500°C. The temperature (enter- 
ing temperature) of the optical fiber immediately before 
entering the heating furnace was supposed to be 
1720°C in terms of the surface temperature of optical 
fiber. Therefore, in the heating furnace, the part of drawn 
35 optical fiber where the temperature ranged from 1 720 
to 1520°C was cooled at an annealing rate of about 
890°C/s on average in a segment of 1500 mm which 
was the total length of the heating furnace. 
[0089] Upon measurement, the transmission loss of 
40 the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 u.m) was 0.1 68 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 
ured data of wavelength characteristics of transmission 
loss was 0.84 dBum 4 /km. Upon measurement, the outer 
45 diameter of the drawn optical fiber was 125±0,15um, 
whereby H glass diameter fluctuation" was±0.15 um. The 
number of occurrences of "spike" per 1000 km of the 
drawn optical fiber was 0, whereas "bending abnormal- 
ity ratio" was 0%. 

50 

Comparative Example 4 

[0090] As shown in Fig. 6, an optical fiber was drawn 
in a configuration lacking the buffer chamber 41 (first 
55 buffer cell 42 and second buffer cell 45) . Experiment 
conditions other than that were the same as those of 
Example 3. 

[0091] Upon measurement, the transmission loss of 
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the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 u.m) was 0.168 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 
ured data of wavelength characteristics of transmission 
loss was 0.84 dBujrrVkm. Upon measurement, the outer 
diameter of the drawn optical fiber was 125±0.8 urn, 
whereby "glass diameter fluctuation" was ±0.8 iun. The 
number of occurrences of "spike" per 1000 km of the 
drawn optical fiber was .0, whereas "bending abnormal- 
ity ratio" was 20%. 

Comparative Example 5 

[0092]; tAs shown in Fig. 7, an optical fiberwas drawn 
in a configuration in which the heating furnace 121 was 
directly connected to the muffle tube extension 1 6 in an 
airtight .fashion. Experiment conditions other than that 
were the same as those of Example 3. However, since 
the heating furnace 11 was directly connected to the 
drawing furnace 11, N 2 .gas flowed into the heating fur- 
nace 121 (muffle tube 1 23) from the drawing furnace 11, 
whereby an atmosphere constituted by N 2 gas was at- 
tained within the heating furnace 121 (muffle tube 123). 
[0093] r,.Uponmeasurement, the transmission loss of 
the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 um) was 0.167 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 
ured data of wavelength characteristics of transmission 
loss was 0.835 dBujn 4 /km. Upon measurement, the out- 
er diameter of the drawn optical fiber was 1 25±0.1 5 u,m, 
whereby "glass diameter fluctuation" was ±0.15 u,m. 
The number of occurrences of "spike" per 1000 km of 
the drawn optical fiber was 12, whereas "bending ab- 
normality ratio" was 0%. 

Comparative Example 6 

[0094] An optical fiber was drawn in a state where no 
heating (annealing) was effected by the heating furnace 
121 (heater 122) in the configuration of Comparative Ex- 
ample 5. Experiment conditions other than that were the 
same as those of Example 3. However, since the heat- 
ing furnace 121 was directly connected to the drawing 
furnace 11 as in Comparative Example 5, N 2 gas flowed 
into the heating furnace 121 (muffle tube 123) from the 
drawing furnace 11 , whereby an atmosphere constitut- 
ed by N 2 gas was attained within the heating furnace 
121 (muffle tube 123). 

[0095] Upon measurement, the transmission loss of 
the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 urn) was 0.171 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 
ured data of wavelength characteristics of transmission 
loss was 0.855 dBujrrVkm. Upon measurement the out- 
er diameter of the drawn optical fiber was 1 25±0. 1 5 u,m, 
whereby "glass diameter fluctuation" was ±0.15 um 
The number of occurrences of "spike" per 1000 km of 
the drawn optical fiberwas 1, whereas "bending abnor- 



mality ratio" was 0%. 
Example 5 

[0096] An optical fiberwas drawn while using He gas 
in place of air as the second gas in the configuration of 
Example 4. Experiment conditions other than that were 
the same as those of Example 4. 
[0097] Upon measurement, the transmission loss of 
the drawn optical fiber (with respect to light having a 
wavelength of 1 .55 u,m) was 0.1 69 dB/km, whereas the 
Rayleigh scattering coefficient determined from meas- 
ured data of wavelength characteristics of transmission 
loss was 0.845 dBjimVkm. Uponmeasurement, the out- 
er diameter of the drawn optical fiber was 1 25±0. 1 5u,m, 
whereby "glass diameter fluctuation" was ±0.15 urn 
The number of occurrences of "spike" per 1000 km of 
the drawn optical fiberwas 0, whereas "bending abnor- 
mality ratio" was 0%. ■* 
[0098] As in the foregoing, Examples'3 and 4 yielded 
a Rayleigh scattering coefficient of 0.835 to 0.84 dBum 4 / 
km and a transmission loss of 0. 1 67 to 0 .1 68 dB/km with 
respect to light having a wavelength of 1 .55 u.m, thereby 
lowering the Rayleigh scattering coefficient and reduc- 
ing the transmission loss as compared with Compara- 
tive Example 6 yielding a Rayleigh scattering coefficient 
of 0.855 dBum 4 /km and a transmission loss of 0. 1 71 63/ 
km with respect to light having a wavelength of 1 .55 um 
without annealing. 

[0099] Examples 3 to 5 yielded a "glass diameter fluc- 
tuation" of ±0.15 urn and a "bending abnormality ratio" 
of 0%, thereby suppressing the occurrence of "glass di- 
ameter fluctuation" and the deterioration in bending of 
the optical fiber as compared with Comparative Exam- 
ple 4 yielding a "glass diameter fluctuation" of ±0.8 um 
and a "bending abnormality ratio" of 20%, in which the 
drawing was carried out in the state where the distance 
L5 was provided between the drawing furnace 11 and 
heating furnace 1 2 while lacking the buffer chamber 41 . 
[0100] In Examples 3 to 5, the number of occurrences 
of "spike" per 1 000 km of the optical fiber was 0, where- 
by the "spike" was restrained from occurring as com- 
pared with Comparative Example 5 in which the number 
of occurrences of "spike" per 1 000 km of the optical fiber 
was 12 while the drawing was carried out in the state 
where the drawing furnace 11 and the heating furnace 
121 were directly connected to each other. 
[0101] Examples 4 and 5, in which the optical fiber 
preform to be drawn had a larger diameter (outer diam- 
eter of 80mm), suppressed the occurrence of "glass di- 
ameter fluctuation" by using He gas as the first gas. It 
is presumed to be because of the fact that He gas having 
a higher thermal conductivity is more effective in sup- 
pressing the natural convection within the drawing fur- 
nace. 

[01 02] The reason why Example 5 yielded a transmis- 
sion loss greater than that of Example 4 is presumed to 
be because of the fact that, when He gas was caused 
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to flow into the heating furnace, He gas did not reach its 
set temperature at the upper and lower ends of the fur- 
nace, whereby the optical fiber was suddenly cooled. 
[0103] The case where the heating furnace 121 is di- 
rectly connected to the drawing furnace 11 (muffle tube 
extension 16) in an airtight fashion as shown in Fig. 7 
yields problems as follows: 

(1) In order to directly connect the heating furnace 
to the drawing furnace, the heating furnace must 
have a structure similar to that of the drawing fur- 
nace, whereby the apparatus has a larger scale (e. 
g., a carbon heater must be employed for cooling 
the furnace with water). Consequently, it becomes 
harder to maintain the heater, the muffle tube, and 
the like. 

(2) When drawing an optical fiber preform having a 
larger diameter, it is preferred that He gas be used 
in the drawing furnace in order to stabilize the glass 
diameter, whereas N 2 gas or air be used in the heat- 
ing furnace in order to suppress the cooling of fiber. 
When the drawing furnace and the heating furnace 
are directly connected to each other, however, the 
gas usable therein is limited to one species, where- 
by two kinds of gases cannot be used as mentioned 
above. 

[01 04] As can be seen from the results of experiments 
mentioned above, since the apparatus and method for 
making an optical fiber in accordance with the second 
embodiment is provided with the heating furnace 121 
for heating the optical fiber 3 at a temperature within the 
range of 1200 to 1 700° C before it is coated with the UV 
resin 39 after being drawn upon heating in the drawing 
furnace 1 1 , the cooling rate of the above-mentioned op- 
tical fiber 3 is slowed down in a predetermined segment 
in the portion where it attains a temperature of 1200 to 
1 700°C, so that the randomness in atomic arrangement 
is reduced, whereby it is possible to make the optical 
fiber 3 whose transmission loss is reduced by lowering 
the Rayleigh scattering intensity from the drawing upon 
heating to the coating with the UV resin 39. Also, since 
the Rayleigh scattering intensity is lowered by control- 
ling the cooling rate of the optical fiber 3 before being 
coated with the UV resin 39 after being drawn, the heat 
treatment for reheating such as that in the above-men- 
tioned prior art is unnecessary, whereby this embodi- 
ment can be applied quite easily to the mass production 
of the coated optical fiber 4 whose surface is coated with 
the UV resin 39 cured thereon. 

[0105] Sincethe heating furnace 121 is disposed with 
a predetermined gap L5 with respect to the drawing fur- 
nace 1 1 , whereas the gap is formed into the buffer cham- 
ber 41 (first buffer cell 42 and second buffer cell 45) in 
which the first gas to become the atmosphere gas within 
the drawing furnace 11 (muffle tube 13) and the second 
gas to become the atmosphere gas within the heating 
furnace 1 21 (muffle tube 1 23) exist in a mixed state, the 



dust occurring within the drawing furnace 11 is re- 
strained from entering the heating furnace 121, whereby 
the occurrence of "spike" orthe deterioration in strength 
of the optical fiber 3 can be suppressed. 

s [0106] Due to the existence of the buffer chamber 41 
(first buffer cell 42 and second buffer cell 45), the turbu- 
lence of outside air flows becomes less influential be- 
tween the drawing furnace 11 and the heating furnace 
121 , whereby the occurrence of "glass diameter fluctu- 

10 ation" or the deterioration in bending of the optical fiber 
3 can be suppressed. 

[01 07] Since the buffer chamber 41 (first buffer cell 42 
and second buffer cell 45) has the barrier 43 formed with 
a plurality of exit holes 44 and the barrier 46 formed with 
15 a plurality of exit tubes 47, the turbulence of outside air 
flows can be suppressed more reliably, whereby the oc- 
currence of "glass diameter fluctuation" or the deterio- 
ration in bending of the optical fiber 3 can further be sup- 
pressed. Since the first gas flowing from the drawing f ur- 
20 nace 1 1 (muffle tube 1 3) side is discharged through the 
exit holes 44 and exit tubes 47, the dust occurring within 
the drawing furnace 11 is further restrained from enter- 
ing the heating furnace 121 (muffle tube 123), whereby 
the occurrence of "spike" orthe deterioration in strength^ 
25 of the optical fiber 3 can further be suppressed. 

[0108] When a gas having a thermal conductivity on 
a par with or lower than that of the. first gas is used as 
the second gas, in particular when He gas is used as 
the first gas while N 2 gas or air is used as the second 
30 gas, the optical fiber 3 with a lowered transmission loss 
can be made while the drawing can be carried out stably 
in the case where the optical fiber preform 2 having a 
relatively large diameter is used for drawing. 
[0109] Preferably, the entering temperature of the 
35 drawn optical fiber 3 with respect to the buffer chamber 
41 (first buffer cell 42) falls within the range of 1400 to 
1900°C. When the entering temperature of the drawn 
optical fiber 3 with respect to the buffer chamber 41 falls 
within the range of 1400 to 1900°C as such, the drawn 
40 optical fiber 3 enters the heating furnace 121 while in a 
high-temperature state, so that the drawn optical fiber 3 
is annealed from the relatively high-temperature state 
in the heating furnace 121, whereby the transmission 
loss of the optical fiber 3 can be lowered. 
45 [0110] Though the buffer chamber 41 is constituted 
by the first buffer cell 42 and second buffer cell 45 in the 
second embodiment, it is not restricted thereto but can 
be constituted so as to provide one buffer cell or three 
or more buffer cells. 
50 [0111] As long as a gas mixture layer exists between 
the muffle tube extension 16 and the heating furnace 
1 21 (muffle tube 1 23), it is not always necessary to pro- 
vide the buffer chamber 41 itself. When the drawing fur- 
nace 1 1 (muffle tube extension 1 6) and the heating f ur- 
55 nace 121 are disposed close to each other, e.g., the gap 
L5 between the drawing furnace 11 (muffle tube exten- 
sion 16) and the heating furnace 121 is set to about 10 
mm, the first gas to become the atmosphere gas within 



14 



27 



EP 1 243 568 A1 



28 



the drawing furnace 11 (muffle tube 13) and the second 
gas to become the atmosphere gas' within the heating 
furnace 121 (muffle tube 123) are mixed so as to form 
a gas mixture layer in the space between the drawing 
furnace 11 and the heating furnace 121, so that this 5 
space attains a state substantially separated from the 
outside air, thereby yielding effects similar to those ob- 
tained when the buffer chamber 41 is provided. In the 
case using He gas as the first gas in the configuration 
lacking the buffer chamber 41 , the optical fiber 3 will be 10 
cooled if He gas invades the lower part, whereby it is 
preferred that a barrier or the like for preventing He gas 
from invading the lower part be provided. However, the 
configuration provided with the buffer chamber 41 is 
preferably employed in view of the fact that it can make is 
the pressure within the buffer chamber 41 higher than 
the outside pressure so that the turbulence of outside 
airflows can reliably be made less influential. 
[0112] Though the heater 122 of the heating furnace 
121 is constituted by the first heater 1 22a, second heat- 20 
er 122b, and third heater 122c in the second embodi- 
ment, the number of heaters is not restricted thereto, 
whereby it may also be constituted by a single heater or 
four or more heaters. 

[0113] The present invention is applicable to the 25 
drawing of not only the optical fiber preform having a 
core portion constituted by pure silica glass and a clad- 
ding portion constituted by fluorine-doped glass used in 
the above-mentioned Examples but also Ge-doped op- 
tical fiber preforms having a core portion doped with Ge, 30 
for example. 

Industrial Applicability 

[01 14] The apparatus and method for making an op- 35 
tical fiber in accordance with the present invention can 
be utilized in a drawing apparatus for drawing an optical 
fiber from an optical fiber preform, and the like. 



Claims 

1. An apparatus for making an optical fiber, which 
draws an optical fiber preform upon heating and 
coats thus drawn optical fiber with a resin; said ap- ^ 
paratus comprising: 

a drawing furnace for drawing said optical fiber 
preform upon heating in an atmosphere consti- 
tuted by a first gas having a predetermined ther- 50 
mal conductivity; 

a resin coating section for coating said drawn 
optical fiber with said resin; and 
a heating furnace, disposed between said 
drawing furnace and said resin coating section, 55 
for heating and annealing said drawn optical 
fiber in an atmosphere constituted by a second 
gas having a thermal conductivity lower than 



said predetermined thermal conductivity of said 
first gas. 

2. An apparatus for making an optical fiber according 
to claim 1 / wherein said heating furnace is disposed 
with a predetermined gap with respect to said draw- 
ing furnace. 

. 3. An apparatus for making an optical fiber according 
to claim 1 , wherein said first gas is He gas; and 

wherein said second gas is one of N 2 gas, Ar 
gas, and air. 

4. An apparatus for making an optical fiber according 
to claim 1 , wherein said heating furnace has a muf- 
fle tube through which said drawn optical f iber pass- 
es, . v. 

said muffle tube being disposed at a position 
where said drawn optical fiber has an entering tem- 
perature within the, range of 1400 to 1800°C with 
respect to said muffle tube. 

5. A method of making an optical fiber, which draws 
an optical fiber preform upon heating and coats thus 
drawn optical fiber with a resin; said method com- 
prising the steps of: 

drawing said optical fiber preform upon heating 
in an atmosphere constituted by a first gas hav- 
ing a predetermined thermal conductivity; 
heating and annealing said drawn optical fiber 
in an atmosphere constituted by a second gas 
having a thermal conductivity lower than said 
predetermined thermal conductivity of said first 
gas; and 

coating said annealed optical fiber with said 
resin. 

6. Amethod of making an optical fiber according to 
claim 5, wherein a heating furnace disposed with a 
predetermined gap with respect to a drawing fur- 
nace for drawing said optical fiber preform upon 
heating is used so as to anneal said drawn optical 
fiber in said heating furnace. 

7. Amethod of making an optical fiber according to 
claim 5, wherein He gas is used as said first gas; 
and 

wherein one of N 2 gas, Ar gas : and air is used 
as said second gas. 

8. Amethod of making an optical fiber according to 
claim 5, wherein employed as said heating furnace 
is a heating furnace having amuffle tube through 
which said drawn optical fiber passes, said muffle 
tube being disposed at a position where said drawn 
optical fiber has an entering temperature within the 
range of 1 400 to 1 800°C with respect to said muffle 
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tube; and 

wherein said drawn optical fiber is annealed 
in said heating furnace. 

9. A method of making an optical fiber, which draws 
an optical fiber preform upon heating; said method 
comprising the steps of: 

using a drawing furnace for drawing said optical 
fiber preform in an atmosphere constituted by 
a first gas and a heating furnace, disposed with 
a predetermined gap with respect to said draw- 
ing furnace, for heating and annealing in an at- 
mosphere constituted by a second gas said op- 
tical fiber drawn by said drawing furnace; 
forming said gap between said drawing furnace 
and said heating furnace into a gas mixture lay- 
er in which said first and second gases exist in 
a mixed state; 

feeding said optical fiber drawn by said drawing 
furnace to said heating furnace by way of said 
gas mixture layer; and 

heating said drawn optical fiber in said heating 
furnace such that said optical fiber has a tem- 
perature within the range of 1200 to 1 700°C. 

10. Amethod of making an optical fiber according to 
claim 9, wherein a barrier for separating said gas 
mixture layer from the outside air is provided, 

said barrier being formed with a gas exit sec- 
tion for letting out at least said first gas. 

11. Amethod of making an optical fiber according to 
claim 9, wherein a gas having a thermal conductivity 
on a par with or lower than that of said first gas is 
used as said second gas. 

12. Amethod of making an optical fiber according to 
claim 9, wherein said drawn optical fiber has an en- 
tering temperature within the range of 1400 to 
1900°C with respect to said gas mixture layer. 

13. An apparatus for making an optical fiber, which 
draws an optical fiber preform upon heating; said 
apparatus comprising: 

a drawing furnace for drawing said optical fiber 
preform upon heating in an atmosphere consti- 
tuted by a first gas; and 
a heating furnace, disposed with a predeter- 
mined gap with respect to said drawing furnace, 
for heating said drawn optical fiber in an atmos- 
phere constituted by a second gas such that 
said optical fiber attains a temperature within 
the range of 1200 to 1 700° C: 

wherein said gap between said drawing fur- 
nace and said heating furnace is formed into a gas 



mixture layer in which said first and second gases 
exist in a mixed state. 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



16 



ISDOCID: <EP 124356BA1_I_> 



EP 1 243 568 A1 




124356BA1_I_> 



17 



EP 1 243 568 A1 



CM 



GLASS 

DIAMETER 

FLUCTUATION 


±0. 1 


±0. 1 


i ; 


1 


±0.3 


RAYLEIGH 

SCATTERING 

COEFFICIENT 


0. 84 


0. 92 


a> i 

d 'i 


0.86 


0. 84 


i - ri 
& -v 4 

m :*g 

go: 


a 170 


eg „ 

00 

! 

d ; 


. 00 \i\ 


.;>£ v. V! 
i o 

; 'I ; 


0. 170 


AVERAGE 
COOLING 
RATE ' 
(°C/s) 


o ! 
o 

oo ! 
1 

o 1 

o 

to 


o 
o 

i 

o 
o 

IO 


ABOUT 
30000 


ABOUT 
4000~ 
5000 


I 




o 
o 


o ; . 

CO 


1 


1 


I 












HEATING 
FURNACE 
TEMPERATURE 
CO 


1400 


1400 


1 


1 


1400 


ENSION 
(N) 


CNi 


; io 
. oo 

j 


IO 
CM 


> m 

C\J 


ID 
CM 


d 


| d 


d 




d 














DRAWING 
RATE 




! «t 




! ** 


NT 


5S 


I Z 


• CM 

! Z 


a> 
X 


! Z . 


z 




He 


He 


He 


He 


CM 

z 




EXAMPLE1 


EXAMPLE2 


COMPARATIVE 
EXAMPLE1 


COMPARATIVE 
EXAMPLE2 


COMPARATIVE 
EXAMPLE3 



18 



SDOCID <EP 124356BA1 I > 



EP 1 243 568 A1 




^ m SURFACE TEMPERATURE 

JJj Jjj OF OPTICAL FIBER (°C) 

■S> .s> 



3NSDOCID: <EP 124356BA1J_> 



19 



EP 1 243 568 A1 




20 



124356BA1J_: 



EP 1 243 568 A1 



<UO^ 



in 

CO 
GO 



00 



10 

00 

d 



00 



in 
oo 
d 



U) 

in 
oo 



g 

CO 
CO 

CO 

z: 



CO 
CO 

o 



E 

CO 
■a 



oo 

CO 



CO 



00 
CO 



CO 



d 



CM 



OQ. 
Z CO 



o| r . 

S Z H- 

UJ CD < 

cq < tr 



O 

CSJ 



Be 



O Q LL 



in 


! m 


m 


r— 






d 


d 


d 


+1 


+1 


+J 


o 


o ! 


o 


O ! 


O ! 


o 









CO 

6 
+1 



to 
d 



to 

o" 



II 2 



o 
o 



o 
o 



o 
o 



Q CO 

^3 



IT 
< 



DC 
< 



< 



CM 

z 



CM 



h- CO 



CM 
2 



I 



CM 



CM 



E 

oaOQ 



O 



o 
oo 



o 



o 



CM 



O 



CO 
UJ 



UJ 

— I 
CL 



ID 
UJ 



i UJ 



<C CL. 



if y 



CO 



o i 



! o i 



21 



EP 1 243 568 A1 



114 



7 



115 



16 

3- 



122 



122a^ 
122b^ 
L 1 22c- / 



39 



13 

•12. 



So 1 — - 



J-6 
L5 



123 



121 



IIU — -33 



ttK— 40 
Z?^38 



31 



32 



■4 



22 



EP 1 243 568 A1 




122 



23 



EP 1 243 568 A1 




CO 
CO 

o 



CD 
00 

O 



oo 
o 



CM 
CO 

o 



oo 
o 



00 

o 



RAYLEIGH SCATTERING COEFFICIENT 
[dBjLem 4 /km] 



24 



EP 1 243 568 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP00/03411 



A. CLASSIFICATION OF SUBJECT MATTER 



Int. CI 7 C03B37/12, C03B37/027 

According to International Patent Classification (IPC) or to bo th national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl 7 C03B37/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


E,X/E,Y 


JP, 2000-128566, A (Hitachi Cable, Ltd.), 
09 May, 2000 (09.05.00), 
Claims; Fig. 1 (Family: none) 


1,3,5,7/2,4,6, 
8-13 


X/Y 


JP f 11-116264, A (Hitachi Cable, Ltd.), 
27 April, 1999 (27.04.99), 
Claims; Fig. 1 (Family: none) 


1,3,5,7/2,4,6, 
8-13 


Y 


JP, 10-218635, A (Nippon Telegr. & Teleph. Corp. <NTT>) , 
18 August, 1998 (18.08.98), 
Claims (Family: none) 


1-13 


Y 


JP, 10-025127, A (Nippon Telegr. & Teleph. Corp. <NTT>) , 
27 January, 199B (27.01.98), 
Claims (Family: none) 


1-13 


Y 


EP, 321182, A (AMERICAN TELEPHONE AND TELEGRAPH COMPANY) , 

21 June, 1989 (21.06.B9), 

Claims 

& JP, 01-239035, A 


1-13 


Y 


JP, 61-097143, A (The Furukawa Electric Co., Ltd.), 


1-13 



[3 Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the an which is not 

considered to be of particular relevance 
C E" earlier document but published on or after the international filing 

date 

"L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

m CT document referring to an oral disclosure, use. exhibition or other 



T* document published prior to the international filing date but later 
than the priority date claimed 



T ' later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
08 August, 2000 (0B. 08. 00) 


Date of mailing of the international search report 
29 August. 2000 (29.08.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July J 992) 



25 



EP 1 243 568 A1 



INTERNATIONAL SEARCH REPORT ta«n.ta-l application**, j 

PCT/JP00/03411 


1 C Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT . 




j Category* 


Citation of document, with indication, where appropriate, of the relevant passages 




h ] 

c 


.S May. 1986 (IS. 05.86) , 
riaims; Fig. 1 (Family, none) 


Rele to claim No. 



Fon* PCT/JSA/Z10 (continuation of second sheet) (July 1992) 



26 



SDOC1D- <EP 124356SA1_I_> 



